Docket No. 71987-10000 
Express Mail Label No. EL835032924US 



IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 
NEW PATENT APPLICATION 



TITLE: SEMICONDUCTOR PACKAGE WITH HEAT SINK 



INVENTORS: Chien-Ping HUANG, Tzong-Da HO and Cheng-Hsu HSIAO 



ATTORNEY: Peter F. Corless (Reg. No. 33,860) 

Dike, Bronstein, Roberts & Cushman 
Intellectual Property Practice Group 
EDWARDS & ANGELL, LLP 
P.O. Box 969 

Boston, Massachusetts 02209 
Tel: (617) 439-4444 
Fax: (617) 439-4444 



# • 



21479 

SEMICONDUCTOR PACKAGE WITH HEAT SINK 

FIELD OF THE INVENTION 

This invention relates to semiconductor packages, and more particularly, to a 
semiconductor package with a heat sink so as to improve the heat-dissipating efficiency. 

BACKGROUND OF THE INVENTION 

A conventional semiconductor package having a semiconductor chip encapsulated 
by an encapsulant is concerned with efficient dissipation of heat generated by the chip 
during operation, so as to assure the lifetime and quality of the semiconductor package. 

However, as the encapsulant for enclosing the semiconductor chip is made of a 
molding compound e.g. epoxy resin that is poor in thermal conductivity, the heat 
generated by the chip is unable to be effectively dissipated through the encapsulant. 
Accordingly, a metallic heat sink or heat block is incorporated in the semiconductor 
package for improving the heat-dissipating efficiency. However, it is undesirable if the 
heat sink is entirely encapsulated by the encapsulant, in which the generated heat still 
needs to pass through the encapsulant for dissipation, limiting the improvement in the 
heat-dissipating efficiency. Therefore, it is preferable to construct a semiconductor 
package having a surface of the heat sink exposed to the atmosphere, allowing the 
generated heat to be directly dissipated through the exposed surface. Nevertheless, if the 
heat sink is not in direct contact with the chip, while the molding compound is filled in a 
space between the heat sink and the chip, the heat dissipation will be undesirably 
impeded due to the heat generated by the chip unable to be effectively transmitted to the 
heat sink. 

Thus, U.S. Patent Nos. 5,726,079 and 5,471,366 respectively disclose a 
semiconductor package illustrated in FIG. 8. The semiconductor package 1 has a heat 
sink 11 directly attached to a chip 10, while a top surface 110 of the heat sink 11 is 
exposed to the outside of an encapsulant 12 used for encapsulating the chip 10. With the 
direct contact between the chip 10 and the heat sink 1 1, and between the exposed top 
surface 1 10 of the heat sink 1 1 and the atmosphere, heat generated by the chip 10 can be 
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directly transmitted to the heat sink 11 for dissipation without passing through the 
encapsulant 12. This makes the semiconductor package 1 have better heat-dissipating 
efficiency than the one as previously recited. 

Nevertheless, some drawbacks have been found for the semiconductor package 1 
in fabrication. First, while the chip 10 together with the heat sink 1 1 are placed in a mold 
cavity in a molding process, the top surface 110 of the heat sink 11 should closely abut a 
top wall of the mold cavity for preventing a molding resin from flashing on the top 
surface 1 10 of the heat sink 1 1. Alternatively, if there is a gap formed between the top 
surface 1 10 of heat sink 1 1 and the top wall of the mold cavity, resin flash occurs on the 
top surface 110 of the heat sink 11, making a fabricated product deteriorated in profile 
and in heat-dissipating efficiency, and subsequently a deflash process is definitely 
required. However, the flash process is undesirably time-consuming and cost-ineffective, 
even possibly causing damage to the fabricated product. On the other hand, if the heat 
sink 1 1 abuts the top wall of the mold cavity too closely, excessive clamping force from 
the mold cavity will crack the fragile chip 10 beneath the heat sink 1 1. 

Furthermore, an adhesive or laminating tape used in the attachment of the heat 
sink 11 to the chip 10 is usually made of a thermosetting material, which remains soft 
before being heated for curing. This makes the structure of the chip 10 combined with the 
heat sink 11 not precisely controlled in height, thus inducing the foregoing problem of the 
top surface 110 of the heat sink 11 not appropriately abutting the top wall of the mold 
cavity. As a result, the fabricated product can not be assured in quality as well as not 
cost-effective in fabrication. 

Furthermore, due to lack of preciseness in the height controlling as mentioned 
above, the attachment of the heat sink 11 to the chip 10 can not be accomplished in a 
batch-type manner in the molding process for the semiconductor package 1. That is, the 
heat sink 11 must be attached to its corresponding chip 10 one by one. This obviously 
increases the complexity and time consumption for the molding process. 

In addition, the heat-dissipating efficiency of the semiconductor package 1 is 
proportional to the exposed surface area of the heat sink 11. That is, with the 
semiconductor package 1 remained constant in dimension, the heat sink 11 can be made 
to maximize the exposed surface area for providing optimal heat-dissipating efficiency. 
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However, in the case of the heat sink is dimensioned to be identical in surface area to the 
semiconductor package, if the heat sink is not precisely made, the heat sink can not be 
placed into the mold cavity properly when the heat sink is over-sized; while resin flash 
tends to occur on the top surface and side surfaces of the heat sink when the heat sink is 
insufficiently dimensioned. 

SUMMARY OF THE INVENTION 

A primary objective of the present invention is to provide a semiconductor 
package with a heat sink, in which the heat sink is dimensioned to maximizing an 
exposed surface area thereof, so as to prevent resin flash from occurrence and improve 
the heat-dissipating efficiency. Moreover, the semiconductor package of the invention 
allows the heat sink to come in direct contact with a chip for further improving the heat- 
dissipating efficiency, and also prevents the chip from cracking in a molding process for 
assuring quality of the package. Furthermore, the invention can be implemented with the 
i" A heat sink being attached to the chip in a batch-type maimer in no concern with height 
9 controlling, which makes the overall fabrication simplified in process and reduced in cost. 
% In addition, molds used for the semiconductor package of the invention can also be 
applied to various sized products, further reducing the fabrication cost. 

In accordance with the above and other objectives, a semiconductor package with 
a heat sink is proposed in the present invention, including: a chip carrier; at least one chip 
mounted on the chip carrier and electrically connected to the chip carrier, a heat sink 
having a first surface, a second surface and a plurality of side surfaces interconnecting the 
first and second surfaces, wherein the first surface is attached to the chip for interposing 
the chip between the chip carrier and the heat sink, and the second surface is formed with 
an interface layer thereon, while adhesion between the interface layer and a molding resin 
is smaller than that between the first surface of the heat sink and the molding resin; and 
an encapsulant made of the molding resin for encapsulating the chip and filling a gap 
between the first surface of the heat sink and the chip carrier, while the second surface 
and side surfaces of the heat sink are exposed to the outside of the encapsulant, and the 
side surfaces of the heat sink form a coplane with edge sides of the encapsulant. 



3/16 



21479 



The combined stmcture of the heat sink, the chip and the chip carrier has a height 
smaller than that of a mold cavity of molds used in a molding process, that is, the 
molding resin will encapsulate the interface layer of the heat sink during molding. As the 
interface layer has poor adhesion to the molding resin, the molding resin on the interface 
layer can be easily removed after forming the encapsulant, which will not lead to 
delamination between the heat sink and the encapsulant due to good adhesion 
therebetween. Furthermore, as the heat sink does not abut a top wall of the mold cavity, 
there is no concern for the chip to be cracked during molding. In addition, due to certain 
extent in flexibility for the height of the above combined structure, the molds can be 
applied to semiconductor packages varied in height. 

The interface layer of the heat sink can be made of a metallic material having 
poor adhesion to the molding resin, such as gold, chromium, nickel, alloy thereof, or 
Teflon, making the heat dissipation through the heat sink not undesirably affected by the 
interface layer. 

In a preferred embodiment of the invention, the chip carrier is a BGA (ball grid 
array) substrate, in which at least one hole is formed on the substrate, allowing bonding 
wires to pass through the hole for electrically connecting the substrate to the chip. On a 
surface of the substrate opposing a surface for mounting the chip thereon there are 
implanted a plurality of solder balls, which are used to electrically connect the chip to an 
external device. 

In another preferred embodiment of the invention, the chip carrier is a flip chip 
substrate, that is, on an upper surface of the substrate there are formed a plurality of 
array-arranged solder pads for bonding a plurality of solder bumps thereto, while the 
solder bumps are used to electrically connect the chip to the substrate. Moreover, on a 
lower surface of the substrate there are implanted a plurality of solder balls for 
electrically connecting the chip to an external device. 

In a further preferred embodiment of the invention, the chip carrier is a QFN 
(quad flat nonlead) lead frame or a BGA substrate, which has an upper surface for 
mounting the chip thereon and is connected to the chip through a plurality of bonding 
wires. In order to prevent the bonding wires from being damaged by the attachment of the 
heat sink to the chip, on the first surface of the heat sink there is formed a connecting 
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hea, * ,o be connected to the chip through the co„n««ng porta »«hou< coning 

the bonding wires. # . 

In a further preferred embodiment of the invention, the chip earner is a QFN lead 
frame or a BGA substrate, which has an upper surface to, mounting me chip thereon and 
is conned to the chip through a phtrahry of bonding wires, fa order to Pleven, the 

CTE (coefficient of therma. expansion) b«ween the hea, sink and the chip, a bufe pad 
taving a sin* CIE to mat of the chip can be .interposed betw«n the beat smk and *e 
chip. The buffer pad is preferable a defective die for opnmiang the rcducta . me 

thermal stress. A 
U addition, the firs, surface of the hea, sink can be roughened, corrugtfed or 
uneven so as to enhance the bonding sKengm b^ween the hea, sink and the 

encapsulant. 

BWEF DESCRIPTION OF THE DRAWINGS 

The invention can be more fully understood by reading the folding detaued 
description of the preferred embodiments, with reference nude to the accompanymg 
dra^ng^n:^ ^ ^ ^ ^ ^ — ^ 

package of the invention; . 

FIGs 2(A)- 2(H) are schematic diagrams showing the steps mvolved <n 

. . . nftll . -econd preferred embodiment of the 
FIG. 3 is a sectional view ot the secona piww 

semiconductor package of the invention; 

m 4 is a sectional view of the third preferred embodiment of the semiconductor 

package of the invention; 

HO. 5 is a sectional view of me four* preferred embodrmen, of me 

semiconductor package of the invention; 

n0 . 6 • . sectionai view of me fifth preferred embodmren, of the senuconductor 

package of the invention; 
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FIG. 7 is a sectional view of the sixth preferred embodiment of the semiconductor 

package of the invention; and 

FIG. 8 (PRIOR ART) is a sectional view of a conventional semiconductor 

package with a heat sink. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 
First Preferred Embodiment 

As shown in Fig. 1, a semiconductor package 2 of the first embodiment of the 
invention includes a substrate 20; a chip 21 mounted on the substrate 20; a plurality of 
gold wires 22 for electrically connecting the substrate 20 to the chip 21; a heat sink 23 
attached to the chip 21; and an encapsulant 24 for encapsulating the chip 21 and gold 
wires 22. 

The substrate 20 has an upper surface 200, a lower surface 201 opposing the 
upper surface 200, and a hole 202 penetrating the substrate 20. On the lower surface 201 
of the substrate 20 there are formed a plurality of conductive traces (not shown), which 
are connected to the chip 21 by means of the gold wires 22 passing through the hole 202 
for electrically connecting the substrate 20 to the chip 21. The chip 21 has an active 
surface 210 and an opposing inactive surface 211. The active surface 210 is attached to 
the upper surface 200 of the substrate 20 through an adhesive 25 such as silver paste, 
while a plurality of bond pads (not shown) formed on the active surface 210 for bonding 
the gold wires 22 thereto are positioned corresponding to the hole 202. It is to be noted 
that when the bond pads are formed on the active surface 210 proximate to side edges 
thereof, at least two holes 202 must be provided. 

The heat sink 23 has a first surface 230 i second surface 231 opposing the first 
surface 230, and a plurality of side faces 232 interconnecting the first surface 230 and the 
second surface 231. The second surface 23^1 is coated with a gold layer 233 thereon, 
while adhesion between the gold layer/233 and a molding resin used for forming the 
encapsulant 24 is smaller than that be4een the first surface 230 of the heat sink 23 and 
the molding resin. The first surface/230 is attached to the inactive surface 211 of the chip 
21 through a thermal conductive^dhesive 26, allowing heat generated by the chip21 to be 
directly transmitted to the hek sink 23 without passing through the encapsulant 24. 
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Moreover, after the encapsulant 24 is formed, the he* sink 23 merely has the first surface 
230 thereof bonded to the encapsulant 24, while4e side faces 232 and the gold layer 233 
coated on the second surface 231 of the he/sink 23 are exposed to the outside of the 
encapsulant 24. That is, the encapsulant 24 fills a gap between the first surface 230 of the 
heat sink 23 and the upper surface 2o/of the substrate 20. Additionally, while the heat 
sink 23 has the same surface area as/the substrate 20, the exposed surface area of the heat 
sink 23 can be maximized so as to^ffectively improve the heat-dissipating efficiency. 

Furthermore, on the lower surface 201 of the substrate 20 there are implanted a 
plurality of solder balls 29 for electrically connecting the chip 21 to an external device. 

The semiconductor package 2 is fabricated by the steps shown in FIGs. 2(A)-2(H). 
Referring first to FIG. 2(A), a matrix type substrate module plate 20A is prepared, which 
consists of 16 substrates 20 arranged in 4x4 array, and each substrate 20 is formed with a 
hole 202 penetrating therethrough. 

Referring next to FIG. 2(B), to a predetermined position on an upper surface 200 
of each substrate 20 there is attached a chip 21 through an adhesive 25, while the chip 21 

covers one end of the hole 202. 

Referring further to FIG. 2(C), a plurality of gold wires 22 passing through the 
hole 202 are bonded to the chip 21 and a lower surface 201 of the substrate 20 for 
electrically connecting the chip 21 to the substrate 20. As the wire bonding employs a 
conventional process, it will not be further described herewith. 

Referring further to FIG. 2(D), after the chip 21 is electrically connected to the 
substrate 20, a heat sink module plate 23A is attached to the chips 21 respectively 
through a conventional adhesive 26 (or a tape), while the heat sink module plate 23A is 
made of a metallic material such as copper, aluminum, copper alloy or aluminum alloy. 
The heat sink module plate 23A is sufficiently dimensioned for covering the substrates 20 
having the chips 21 mounted thereon. That is, an area defined by side edges 232A of the 
module plate 23A is sufficient to encompass all side edges 203 (shown as dotted lines in 
FIG. 2(A)) of the substrates 20. Further, a top surface of the module plate 23 A is coated 
with a gold layer 233 A The structure of combining the heat sink module plate 23A, the 
chips 21 and the substrate module plate 20AJs dimensioned for the gold layer 233A not 
contacting a top wall of a mold cavity of molds (not shown) but rather be properly spaced 
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from the top wall, when the combined structure is placed in the mold cavity. Besides gold, 
the coated layer on the heat sink module plate 23A can be formed of chromium, nickel, 
alloy thereof or Teflon; while adhesion between the coated layer and a molding resin 
used for encapsulating the chips 21 has to be smaller than that between a bottom surface 
of the module plate 23A and the molding resin. 

Referring further to FIG. 2(E), the combined structure of the heat sink module 
plate 23A, the chips 21 and the substrate module plate 20A is placed in the mold cavity of 
the molds for performing a molding process, which is used to form an encapsulant 24 for 
encapsulating the heat sink module plate 23A, the chips 21, the gold wires 22 and the 
substrate module plate 20A. As the combined structure is dimensioned for the gold layer 
233A on the heat sink module plate 23A to be properly spaced from the top wall of the 
mold cavity, after the engagement of the molds, no cracks caused by clamping force from 
the molds or the heat sink module plate 23 will be generated for the chips 21. Further, as 
there is no concern for precisely controlling the height of the attachment of the heat sink 
module plate 23A to the chips 21, quality and reliability of the fabricated product can be 
assured. 

Referring to FIG. 2(F), after completing the mold process, on the lower surface 
201 of each substrate 20 of the substrate module plate 20A there are implanted a plurality 
of solder balls 29 for electrically connecting the chips 21 to external devices As the 
solder ball implantation employs a conventional process, it will not be further described 
herewith. 

Referring to FIG. 2(G), a singulation process is performed by using a cutting 
machine for forming 16 semi-fabricated semiconductor packages 2A. The semi- 
fabricated package 2A has the side surfaces 232 of the heat sink 23 exposed to the outside 
of the encapsulant 24 and aligned with side surfaces 240 of the encapsulant 24. This 
makes no resin flash occur on the side surfaces 232 of the heat sink 23, while the heat 
sink 23 has the same surface area as the substrate 20, as well as no concern is required for 
the heat sink 23 to exactly match the mold cavity in dimension. Furthermore, since the 
attachment of the heat sink 23 to the chip 21 is accomplished in a batch type manner, the 
fabrication process can be simplified and more cost-effective as well as the fabrication 
time can be reduced. 
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Referring finally to FIG. 2(H), the singled semi-fabricated package 2A is 
heated for the remained molding resin 240A clh the gold layer 233 to be delaminated 
from the gold layer 233, due to difference kithermal expansion coefficient between the 
molding resin used for forming the eiicajfeulant 24 and the gold layer 233. It is required 
for the heating to be controlled in the Rendition of no delamination occurring between the 
first layer (HtPof the heat sink 2J Hid the encapsulant 24. This allows the remained 
molding resin 240 A to be easibf removed from the gold layer 233 without damaging the 
bonding of the heat sink 23 tb the encapsulant 24. Further, since the remained molding 
resin 240A can be completely removed from the gold layer 233, a subsequent deflash 
process is not necessaryywhich not only reduces the molding cost but also assures quality 
of the fabricated semiconductor package 2 (as shown in FIG 1). 

Second Preferred Embodiment 

Illustrated in FIG. 3 is the second embodiment of the semiconductor package of 
the invention. The semiconductor package 3 includes a flip chip substrate 30, wherein a 
plurality of bump pads 304 are formed at predetermined positioned on an upper surface 
300 of the substrate 30, and a plurality of conductive traces (not shown) are formed on 
the upper surface 300 and an opposing lower surface 301 of the substrate 30 respectively. 
Then, a plurality of solder lumps 32 are bonded to the bump pads 304 for electrically 
connecting a chip 31 to the substrate 30 in a flip chip manner through the solder bumps 
32. The chip 31 is attached to a first surface 330 of a heat sink 33 through an adhesive 36, 
allowing heat generated by the chip 31 to be directly transmitted to the heat sink 33. 
Further, on a second surface 331 opposing the first surface 330 of the heat sink 33 there is 
coated a gold layer 333, which with a molding resin has adhesion therebetween smaller 
than that between the first surface 330 of the heat sink 33 and the molding resin, while 
the molding resin is used to form an encapsulant 34 for encapsulating the chip 31. This is 
to make the remained molding resin (not shown) on the gold layer 333 be easily removed 
after completing a molding process for forming the encapsulant 34. Moreover, as the gold 
layer 333 is properly spaced from a top wall of a mold cavity used in the molding process, 
the chip 31 and the solder bumps 32 can be assured in quality without being damaged by 
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clamping force. In addition, the heat sink 33 is still exposed to the outside of the 
encapsulant 34, making the heat-dissipating efficiency definitely increased. 



Third Preferred Embodiment 

Illustrated in FIG. 4 is the third embodiment of the semiconductor package^f the 
invention. The semiconductor package 4 adopts a conventional BGA substrate 40 having 
an upper surface 400 and a lower surface 401 respectively formed with a plurality of 
conductive traces (not shown), while the conductive traces on the surfaces 400 and 401 
are electrically connected to each other. A chip 41 is attached to the upper surface 400 of 
the substrate 40 through an adhesive 45 such as silver paste, and then electrically 
connected to the substrate 40 through a plurality of gold wires 42. Subsequently, a buffer 
pad 48 is attached through an adhesive 47 to an approximately central position of a 
surface of the chip 41 having the gold wires 42 bonded thereto. The buffer pad 48 has a 
similar thermal expansion coefficient to the chip 41 and is dimensioned for not 
interfering the gold wires 42. Further, the buffer pad 48 is constructed to be higher than 
arcs of the gold wires 42, so as to prevent a first surface 430 of a heat sink 43 from 
contacting the gold wires 42 when attaching the heat sink 43 to the buffer pad 48 through 
an adhesive 46. Moreover, the buffer pad 48 helps release a thermal stress generated from 
the heat sink 43 to the chip 41 at a high temperature due to difference in thermal 
expansion coefficient. This makes the chip 41 not be damaged by the thermal stress, and 
also allows heat generated by the chip 41 to be transmitted to the heat sink 43 through the 
buffer pad 48, while the heat is then dissipated into the atmosphere through a surface of 
the heat sink 43 exposed to the outside of an encapsulant 44, which encapsulates the chip 
41 and the buffer pad 48. Furthermore, a second surface 431 of the heat sink 43 is also 
coated with a gold layer 433. In addition, the lower surface 401 of the substrate 40 is 
implanted with a plurality of solder balls 49 thereon through a conventional implantation 
process, so as to electrically connect the chip 41 to an external device. 



Fourth Preferred Embodiment 

Illustrated in FIG. 5 is a sectional view of the fourth embodiment of the 
semiconductor package of the invention. The semiconductor package 5 of the fourth 
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embodiment is structurally similar to that depicted in the third embodiment, with the only 
difference in that the semiconductor package 5 employs a QFN lead frame 50 as a chip 
carrier for a chip 5 1 ... The QFN lead frame includes a die pad 500 and a plurality of leads 
501, The die pad 500 is attached to the chip 51, which is then electrically connected to 
the leads 501 through gold wires 52. Further, on the chip 51 there is disposed a buffer pad 
58, which is used to attach a heat sink 53 thereto, while the buffer pad 58 is interposed 
between the chip 51 and the hjeal sink 53. The heat sink 53 has a first surface 530 thereof 
made to be free of contact with the gold wires 52, while a second surface 531 of the heat 
sink 53 is also coated with a gold layer 533. Moreover, an encapsulant 54 is formed 
between the first surface 530 of the heat sink 53 and the QFN lead frame 50 for 
encapsulating the chip 51 and the buffer pad 58, while bottom surfaces of the die pad 500 
and the leads 501 are exposed to the outside of the encapsulant 54. 

Fifth Preferred Embodiment 

Illustrated in FIG. 6 is a sectional view of the fifth embodiment of the 
semiconductor package of the invention. The semiconductor package 6 of the fifth 
embodiment is structurally similar to that depicted in the third embodiment, with the only 
difference in a heat sink 63 used in the semiconductor package 6, The heat sink 63 has a 
first surface 630 formed with a connecting portion 634 protruding toward a chip 61, 
while the connecting portion 634 is directly attached to an active surface 610 of the chip 
61 through an adhesive 66. This allows heat generated by the chip 61 to be transmitted 
directly to the heat sink 63, and then to be dissipated through a coated gold layer 633 and 
side surfaces 632 of the heat sink 63 to the atmosphere for raising the heat-dissipating 
efficiency, while the gold layer 633 and the side surfaces 632 are exposed to the outside 
of an encapsulant 64 encapsulating the chip 61. Moreover, the connecting portion 634 is 
dimensioned for the first surface 630 of the heat sink 63 to be properly spaced from arcs 
of the gold wires 62 without contacting the gold wires 62. 

Sixth Preferred Embodiment 

Illustrated in FIG. 7 is a sectional view of the sixth embodiment of the 
semiconductor package of the invention. The semiconductor package 7 of the sixth 
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embodiment is strocturally similar to that depicted in the fourth embodiment, with the 
only difference in a heat sink 73 used in the semiconductor package 7. The heat sink 73 
has a first surface 730 formed with a plurality of protrusions 730a, which are used to 
increase the contact area between the first surface 730 and an encapsulant 74 for 
enhancing the bonding strength between the heat sink 73 and the encapsulant 74, while 
the encapsulant 74 is used to encapsulate a chip 71 mounted on a QFN lead frame 70. 

The invention has been described using exemplary preferred embodiments. 
However, it is to be understood that the scope of the invention is not limited to the 
disclosed embodiments. On the contrary, it is intended to cover various modifications and 
similar arrangements. The scope of the claims, therefore, should be accorded the broadest 
interpretation so as to encompass all such modifications and similar arrangements. 
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